Diesel engines injection process is essential for optimum operation to maintain the design power and torque requirements and to satisfy stricter emissions legislations. In general this process is highly dependent upon the injection pump and fuel injector health. However, extracting such information about the injector condition using needle movements or vibration measurements without affecting its operation is very difficult. It is also very difficult to extract such information using direct air-borne acoustic measurements.
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INTRODUCTION
Improvement of diesel engines performance necessities has arisen as a result of the increasing interest in environmental problems, and reduction of noise and pollutant emissions. Fuel injection and the intake management system are one of the key components, which determine engine torque, emissions, noise quality and specific fuel consumption [1, 2, 3, 4] . Injection pressure, fuel quantity, injector opening and closing timings and other parameters are keys to the ideal injection process condition monitoring system. These parameters should be kept at their optimum values to reduce the fuel consumption and pollutant emissions, and increase the output power [2] . Injection induced acoustic signals have been sporadically studied for many years. However, previous work has focused on topics other than the noise radiated from the injector itself. Much of the work in the literature on diesel fuel injection has been devoted to describing the noise and vibration generated by the fuel pumps and fuel lines and radiated by the engine block [3, 5, 6 ].
In the medium size, high speed diesel engines, the moving mass inside the injector is small in the order of 15 grams, and this mass takes a very short time, in the order of 1-3 milliseconds, from the fully open to fully closed position. As a result, the noise from the diesel injector is a very short click with transient broad frequency content. This noise is radiated from the surface of the injector itself or transmitted through the fuel system or the engine block. There is a distinct opening and closing vibration and noise for most injectors. The opening vibration and noise is due to the moving mass hitting the upper stop and the closing one is due to the moving mass hitting the seat. Unfortunately, the diagnostic signal is dominated by the other sources, corrupted by a background and interference noise.
Coherent filtering techniques and adaptive noise cancelling (ANC) could be used to improve the signal to noise ratio of a diagnostic signal. The drawback with these two methods is that the first relies on a synchronizing signal and the second needs a reference signal which is not always available [7, 8] . In ref. [9] independent Component Analysis (ICA) technique was used to decompose the airborne acoustic signals into their sources and to identify diesel engine noise sources; considerable computations are needed for ICA methods.
In the work reported here, the air-borne acoustic signals were used to monitor injector conditions in acoustically untreated laboratory. Firstly the data was high pass filtered to remove the dominant harmonics and the low frequency bands excited by the room modes. Secondly the adaptive filtering techniques were introduced and the Adaptive Self Tuning scheme was applied to enhance the transient components of a simulated engine airborne acoustic signals. Finally the injector needle impact excitations were enhanced and extracted from real airborne acoustic signals, and the time-frequency domain using the Wigner-Ville Distribution (WVD) was employed to give better localisation for these impacts.
It is evident that the proposed procedure has given clearer results to enhance the injector needle opening and closing impacts excitations. More importantly, SNR improvement allows various statistical methods to be successfully used in diagnosing injector related faults. 
ENGINE AIRBORNE ACOUSTIC MODELLING
The noise from a diesel engine is composed of many components emitted from different sources, see Figure 1 . These sources include combustion noise, mechanical noise, and a combination of both. Understanding the components of the acoustic signal is essential to identify the requirements for acoustic signal analysis. Table 1 briefly summarises diesel engine noise excitation forces, their generation mechanisms and noise transmission paths. The combustion noise is produced by the rapid rate of increase of cylinder pressure, which besides being a source of engine structural vibrations also excites resonances in the gas inside the combustion chamber cavity. The latter is also a source of vibration and noise.
The excitation force, i.e. combustion pressure distorts the engine structure in impulsive manner first. Then the engine structure begins to vibrate as damped free oscillations, ), (t v in major natural modes. This process is a convolution integral of combustion pressure ) (t p c and impulse response function ) (t h of the engine structure with acoustic environment included [10, 11] . Figure 1 Diesel engine noise sources A rise in the cylinder pressure pushes the piston from the top dead centre (TDC), advancing, to the bottom dead centre (BDC). During this movement, the clearance Tailpipe noise: pulse noise +flow generated noise
Exhaust noise
Combustion and mechanical noise Intake noise
Shell noise
Tailpipe noise: pulse noise +flow generated noise between the piston and the cylinder head is small so damage to piston rings or lubrication condition can cause the piston to impact with the cylinder walls; this phenomenon, known as piston slap, is another major source of engine noise. As piston slap occurs on the way from the TDC to BDC, it can be identified by referring to the time or crank shaft angle axis [5] . An important feature of Internal Combustion Engines (ICE) is that they have both reciprocating and rotating parts. Different types of parts will produce different signal components. Rotating parts, such as the flywheel and front pulley, can excite noise with harmonic components.
In-cylinder rate of change of pressure is the most important factor generating combustion induced noise. Mechanical noise consists mainly of piston slap impacts, timing gear rattle, bearing impacts, fuel injection system operation, and valve impacts [11] .
Based on the above discussion, the microphone output signal ) (t S could be described as Equation 2: and this component amplitude depends on many factors such as the type of microphone, how far is it from the engine and the room acoustics.
THE PROPOSED ADAPTIVE SCHEME
In a situation when there is a spectral overlap between the signal and noise, conventional fixed filters fail and it is necessary for the filter characteristics to be variable so that it can learn to track the signal of interest which is buried in wideband variable noise. Such filters are defined as adaptive filters.
The adaptive filter is a filter automatically adjusts its coefficients according to the error signal. A particularly interesting class -the self-adapting finite impulse response filter, usually referred to as simply as adaptive FIR filter (AFIR). The AFIR filter modifies its impulse and frequency response by responding to changes in the filter's output sequence according to some cost function. For example, a signal that is transmitted over a distance may include random noise components, whose spectral power distribution may vary with time. An AFIR filter would continually adjust itself to ensure that the noise bandwidth was minimized in the output signal [12] . There exists a vast array of algorithms for updating the coefficients of the adaptive filter. The most commonly considered is the Least Mean Square (LMS) algorithm for its simplicity. The reference input is suitably filtered and subtracted from the primary input to obtain the signal estimate. The filtering process is based on the least mean square algorithm, n d is the corrupted signal, and n x is the noise that is totally free of the signal of interest, as a reference. Another scheme called Adaptive Self Tuning is depicted in Figure 3 , this scheme in fact a degenerate form of the adaptive noise canceller in that its reference signal, instead of being derived separately, consists of a delayed version of the input signal [13] . The delay D is the prediction depth of the AST system, measured in units of sampling period. The reference input
x  is processed by a transversal filter to produce an error n e , defines as the difference between the actual input ) ( ) ( t n t x  and the AST system output. The error signal is used to actuate the adaptive algorithm through adjusting the weights of the transversal filter.
Most of the adaptive algorithms used in the above schemes are designed according to Widrow's LMS algorithm [14] . The tap weight adaptation of LMS algorithm can be written as
Where ) (n w is the coefficient vector at time  , n is the step size, ) (n e is the adaptation error and ) (n u is the input vector, respectively, at time n . The proposed scheme recommended in this paper is shown in Figure 5 ; two stages of AST are used. The first stage removes the tonal and harmonic components, therefore a long filter length is required to increase the attenuation of the filter at the harmonic frequencies [14] ; for this purpose a long LMS algorithm is used. The second stage aims to reduce the broadband noise, for this we need a fast convergence algorithm such as a short Normalised Least Mean Square (NLMS).
The above scheme was applied to the simulated airborne acoustic signals shown in Figure 4 . The parameters of the proposed scheme were selected as explained above; the step size  was 0.0000005 for the first stage and 0.000005 for the second, the delay D1 was 1 ms and 1 ms for the second. The first stage filter length was 500 and 50 for the second; these parameters satisfy the above criteria. 
TEST PROCEDURE AND RESULTS

TEST RIG AND INSTRUMENTATION
The experiments were performed with a four-stroke, four-cylinder, in-line OHV, 
COMBUTION NOISE DETERMINATION
The pressure in the combustion chamber of a diesel engine has been extensively studied, however to extract weak event; e.g. injection, combustion-induced highfrequency vibration and noise emitted should be precisely determined and filtered out. Vibration Signal combustion process, particularly its onset and rate of rise. The spectrum of the cylinder pressure initially drops off rapidly, about 40dB per octave, and thus contains little high-frequency energy. The shape of the cylinder pressure curve is similar whether there is firing with no load, some load or high load, the difference being the brief period of rapid pressure rise due to combustion, thus it can be inferred that the increase in high-frequency (above 250Hz) energy when combustion takes place is due to this rapid increase in pressure when the piston is approaching TDC, after the fuel has been injected [6] . 
SIGNAL PROCESSING AND FEATURES EXTRACTION
A sample of signals of interest is shown in Figure 11 . In Figure 11 Figure 11(b) . What makes the waveform complicated and difficult to extract information from is the numerous frequency components superimposed on each other [6] .
To show the effectiveness of the proposed scheme in detecting injector opening and closing angles; only those parts around TDC are displayed in the following figures. Figure 11 To extract the injector operation impacts from the monitored airborne acoustic signals using the proposed adaptive scheme, the dominant harmonic components were removed using a high pass filter and the residual signal was used as an input to the proposed adaptive scheme. Figure 13 
CONCLUSIONS
The adaptive filtering based scheme presented in this work shows promising results in detecting and diagnosing injection pressure faults. This technique was employed for the enhancement of diesel common hole injector events extraction.
The following few conclusions could be highlighted: 
